refluxed for 1 h, follolving which the solvent was removed by vacuum leaving a clear oily residue. This was triturated with hot alcohol; the inorganic salts were filtered and the filtrate again concentrated to an oil which crystallized on standing. An 800 mg yield (34%) of the hydantoin melting a t 165-168' was obtained.
E X P E R I M E N T A L
One of the neth hods reported by Scholder and Voelskow (4) for preparing SaCuO? was modified and used throughout this study. This procedure involves oxidation of copper(I1) hydroxide with sodium hypobro~nite in strong base, the sodium cuprate(II1) precipitating as a reddish-brown precipitate.
All reagents used were C.P grade. The sodium hypobrolnite and microcrystalline copper(I1) hydroxide used were prepared according to the procedure of Scholder and Voelskow (4) .
The analytical procedure used was a modification of Park's (5) neth hod for determining Cu(I1) in the presence of r\s(III). An ice-cold mixture of 30 ml of 3.3 N NaOI-I and 15.00 ml of standard 0.2 iVarsenic(I1I) solution was added to a sample of about 0.15 g solid sodium cuprate(II1). The mixture, which contained a fine precipitate of copper(I1) oxide \\.as diluted with 90 ml of ice-cold water and acidified with 15 1111 of cold 12 N sulfuric acid. Excess arsenic(I11) was determined by titration with standard ceriunl(IIT) solutior~ usil~g ferrous orthophenanthroline as the indicator and osmium tetraoxide as catalyst (meq Cu(II1) = meq As(II1)nieq Ce(IV)). 'Three grams of potassiunl acid phthalate was added to the solution and the pH was adjusted to 3.5 with concentrated amlnonium hydroxide (38% XI-13). Ten grams of potassium iodide, dissolved in a minimum quantity of water, was added and the solution was titrated with standard sodium thiosulfate to a light-orange end point. Starch solution was used as the indicator. 'The number of equivalents of sodium thiosulfate used equalled the number of moles of copper.
The decomposition of sodi~ull cuprate(II1) may be represented by the following equation:
In this study, we followed the rate of decomposition of solid sodiu~n cuprate(II1) in the presence of base using a Warburg apparatus (6) . A small sample of SaCuOr was placed in a glass vial which was inserted in a Warburg flask containing a known volume of base. After the flask had come to equilibrium in a constant temperature bath, the contents of the vial were mixed with the base and the mixture was shaken vigorously until an equilibrium pressure reading was obtained. Oxygen pressure readings were taken as a function of time during the decomposition. When decornposition was complete the solution of base and copper(I1) was acidified and the amount of copper(I1) was determined iodonietrically. Decomposition of sodium cuprate(II1) in 1 IV NaOIl by this technique was used to check the analytical method given above.
RESULTS AND DISCUSSION
Products prepared by the above procedure contained 95 to 99% of the copper as copper(II1). As a check on the accuracy of the arsenic(II1) method of analysis, duplicate analyses of the sanle sample of sodium cuprate(II1) gave a ratio of copper(II1) to total copper of 0.796 and 0.800 by the gas volunle method and 0.796 by the arsenic(II1) method. As a checlc on possible air oxidation of the arsenic(II1) solutions a series of blank runs were performed. Under the conditions of the analysis dissolved copper(I1) is an excellent catalyst for the air oxidation of arsenic(II1). Hourever, solid copper(I1) oxide and decomposed sodium cuprate(II1) produced a nlaximu~n of 0.5 mole % oxidation in 1 h.
Scholder and Voelskow report that nloist sodium cuprate(II1) decomposes slowly. Analysis of a sample prepared by the method previously given showed 10% deco~nposition when stored for 8 days a t room temperature. A portion of the same sample stored a t 5 "C showed only lY0 decomposition in the same period. In an effort to both dry and purify the sodium cuprate(III), samples were leached with various solvents. With freshly dried ethyl alcohol, dioxane, and acetone extensive deconlposition occurred. Ethyl ether caused a slight deconlposition (about G%) but did not remove any nloisture from the solid. Sodiunl cuprate(II1) sanlples dried in a vacuuIn desiccator using either Mg(C104)2 or silica gel showed partial decomposition (20 to 35%). I-Iowever, once dried the sodium cuprate(II1) did not show further deco~llposition when stored in a desiccator over silica gel for 2 months a t room temperature. These results are consistent both with the results of Scholder and Voelsltow, who report a partial decomposition on drying the solid, and with those of I<lemm and Wahl (7) , who report that dry solid potassiunl dioxocuprate(lI1) is stable.
The results of the study of the deco~nposition of sodiunl cuprate(II1) in the presence Can. J. Chem. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 01/13/20
For personal use only. of base are given in Table I . Inspection of Table I shows that sodium cuprate(II1) decomposes more rapidly when in contact with I<OI-I than NaOH and that the extent of decomposition increases as base strength decreases. Further, as may be expected, decomposition is more rapid a t room temperature than a t 0 "C. Except in the case of decon~positions in lithium hydroxide, the rate of 0 2 evaluation appears reasonably linear. I n 10 iM and saturated NaOH however, we observed a 10 min period in which essentially no decomposition occurs followed by a constant rate of O z evolution to the equilibrium pressure reading. In saturated LiOH a t 25.2 "C, the rate of O2 evolution is equivalent to that observed in 5 &I NaOIH up to a point corresponding to about 45% of the equilibrium 0 2 pressure reading. The Oz evolution rate then becomes progressively snlaller so that coinplete decomposition in saturated LiOH requires 60 min coinpared to 20 inin in 5 il& NaOH. Qualitative observations of the precipitates indicated that the deconlposition rate was primarily influenced by the rate of solution. This observation is confirmed by the fact that saturated potassium hydroxide a t both 0 "C and 25 "C in which NaCuOz was dissolving and decomposing gave no indication of Cu(II1) in solution when we titrated a rapidly filtered portion of the NaCuO2-base mixture with a linown amount of excess As(II1) followed by standard Ce(1V). NIore than 0.02 meq of copper(II1) in solution with a solid sainple containing 0.60 meq of copper(II1) would have been detected. These results show that the cuprate(II1) ion is so unstable in basic solutions that it can not have a half-life of more than a fraction of a minute.
Lister's study (3) of the rate of oxygen evolution in a copper(II1) hypochlorite solution a t 20 "C can be used to give a lower limit to the half-life of a copper(II1) solution assunling that 4 moles of copper(II1) give 1 mole of oxygen and that no hypochlorite complexes are present. At 20 "C Lister finds a rate of oxygen evolution of 0.23 1111 of oxygen per minute for 2.77 X 10-"oles of copper. This represents a half-life of about 25 s. This result is approxi~nately the upper liillit given by our experiments and would fix the half-life of cuprate(II1) ion a t about 25 s. I-Ioxvever, Lister's results can also be explained by assuming that only a sillall fraction of the copper is present as copper(III), and that the rest of the copper is present as a hypochlorite complex.
Scholder and Voelsliow have sho~vn that solutions of copper(II1) are stable in the presence of both excess base and excess hypobromite. This indicates that the hypobroinite is either stabilizing the cuprate(II1) ion by forming a complex ion or the rate of oxidation of copper(I1) by hypobro~nite is greater than the rate of copper(II1) decomposition. Can. J. Chem. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 01/13/20
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A PROTON MAGNETIC RESONANCE STUDY OF SODIUM 3,5,5-TRIMETHYL HEXANOATE
Continuing with an investigation of nlolecular inotion of fatty acids and their salts, we have exaillined the broad line nuclear inagnetic resonance (n.1n.r.) spectra of the sodium salt of 3,5,5-thrimethyl hexanoic acid. A colnmercial sample of the acid was distilled a t 1 atin. Most of the acid distilled over between 226 and 228 "C and a portion of this central cut was talten for neutralization with an alcoholic solution of reagent grade sodium hydroxide. The solvent was partially evaporated and the precipitated soap was filtered and dried for some 24 h under vacuum. The precipitate was crushed to a powder, packed into pyrex sample tubes, and heated in the tubes for a further 24 h a t 200° under vacuum before the tubes \yere sealed off.
Spectra were obtained on a Varian dual purpose spectronzeter mainly a t 60 Mc/s, although a few \\:ere run a t 40 &Ic. The depth of inodulation varied from 0.14 gauss (G) to approxiinately 1 G, but most spectra were run a t 0.14, 0.24, or 0.38 G nzodulation.
Line shape and width were not observed to depend on the depth of modulation, and more specifically they were independent of inodulation depth over the range 0.14 to 1 G a t liquid nitrogen temperature and a t 154 "I<. This fact provides evidence that the narrowing of the absorption signal between 100 and 160 OK is not a spurious effect caused by the presence of an impurity whose absorption signal narrows a t this temperature and obscures the still broad absorption of the main substance. Increasing the depth of nlodulatioil to 1 G from 0.14 G should produce a t least solne change in line shape a t 154 "I< if there is a broad as well as a narrow coinponent of absorption actually present in the spectrum (1) . The teinperature of the sample was controlled by passing heated air or tank nitrogen cooled by passage through a cryostatic bath over the sample which was held in a delvar vessel within the n.1n.r. probe. Thc temperature was measured by therinocouples placed in the airflow both upstream and downstream froin the sample.
Typical spectra are presented in Fig. 1 , and line \\-idth ancl second moment are sllo~vn as a function of temperature ill Fig. 2 . Three steps are distinguishable in the decrease of each of these parameters. The first and nlost obvious step begins iinllzediately above liquid oxygen temperature and coiltinues to about 160 "I<. The second step is n1arl;ed by a clear decrease in line \vidth bet~veeiz 450 and 470 "I< and a levelling off of the second moinent a t approximately 1.2 G h t 470 "I< after a gradual decrease from some 4.5 G3 a t 350 OK. At temperatures above the third step, which occurs sharply a t 538 OI<,'the line ~vidth is deterinined by depth of modulation and field Ilomogeneity, and the second Canadian Jourr~al of Chemistry. Volulne - 13 (1965) Can. J. Chem. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 01/13/20
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